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Introduction
enewable energy has become a hot topic over the last
couple of years. A growing population and the rapid
rise of the energy prices around the world drives an
increasing need for energy. Solar energy, a type of renewable
energy, is cleaner than traditional electricity energy sources
such as coal, and has great potential for development. The
application of solar energy is accelerating because of its
pronounced environmental and economic benefits. It’s
considered one of the best alternatives to replace fossil energy
in the 21st century. Solar energy technologies use the sun's
energy and light to provide heat, light, hot water, electricity,
and even cooling. The best way to utilize the sun’s energy is
solar photovoltaic conversion, which is called the photovoltaic
effect. The photovoltaic effect uses silicon material to collect
sunshine in order to produce direct current electricity. The
key element of the technology is the solar cell. As a major
electrical device, it converts the energy of light directly
to electricity. After a series of solar cells are encapsulated
together to protect a large area of solar components, they are
coupled with the power controller and other components to
form a photovoltaic device such as a solar panel. A general
photovoltaic industry production chain has been formed by
the development of silicon material, which includes highpurity polysilicon production of raw materials, production of
solar cells, solar modules production, and the manufacture of
related production equipment.
Although the production process of the solar panels could
potentially cause pollution in the environment by using silicon
and other toxic metals like cadmium, and the initial cost of
purchase and installation is high (Mulvaney 2014), many
developed countries have seen the development and utilization
of the solar energy revolution as the main content for longterm planning. PV (photovoltaic) is becoming a new industry
with internationally explosive growth potential comparable to
the IT and microelectronics industry.
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China has the largest scale of landscape in the world, with
75% of its land blanketed with evenly distributed sunshine
(Luo et al., 2005). As a result of lower labor costs and larger
government incentives, China’s PV industry is growing faster
than any other country. China has become a world leader in
solar photovoltaic panel manufacturing; six of its biggest
solar companies have a combined value of over $15 billion.
With their leading price advantage, China plays a vital role
in manufacturing solar PV systems. The top four crystalline
module producers are from China, and have been growing
their businesses at a rate other competitors are finding difficult
to keep up with. Global PV module production reached 40
GW in 2013, an increase of 9% compared to the year before.
China has a cumulative solar install target of 15 GW by 2015.
China's photovoltaic module production is approximately 26
GW, which increased by 13%. The numbers place China as the
world’s leading module producer for seven consecutive years.
China’s PV power generation will play a significant role in the
world’s future energy supply (People’s Daily 2008).
World solar technology has developed rapidly since the 2008
financial crisis. Germany, Japan, and the United States have
raised development goals. The growth of energy demand
is exploding in today’s world, and by 2030, solar power is
expected to provide 10% of the world’s energy supply. In
2012 many cell and module manufactures, especially Chinese
manufacturers, struggled to make a profit or even survive.
An aggressive capacity build-up in 2010 and 2011 resulted in
excess production capacity alongside extreme competition.
The same year, Solar World and six other manufactures
started an anti-dumping investigation into China’s import of
solar panels and their key components, wafers and cells. In
international trade, dumping occurs when companies charge
a lower price in an export market than in the home country
of the producer. In May 2012, the United States Commerce
Department announced the preliminary results of the Chinese
PV cells and modules anti-dumping duty. The tax rate reached
26%-165% and the Anti-Dumping movement caused Chinese
solar PV companies to pay more than 35% of the total tax
in order to export their products to the United States. As a
result, Chinese solar PV products became less competitive in
the United States (PVmagazine 2014).
China was, therefore, forced to switch its focus towards
developing the domestic market, especially roof-top systems.
A roof-top system is an installation of PV on the roof of
residential or commercial buildings. With this kind of system,
homeowner consumers can not only generate electricity for
their own use, but also sell excess electricity back to the grid.
Although this business model, called distributed generation,
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has wide applications in European countries and the US, the
percentage for application is comparatively small in China.
The major domestic installed PV capacity exists as a largescale solar farm in the northern and western part of China,
in poor and isolated areas. Transmission from those areas to
the eastern area, which has high economic development and
a large demand for electricity, means significant power losses.
Therefore, the Chinese government strongly encourages the
distribution of PV applications like the roof-top systems. The
goal in 2014 is 4 GW in installed capacity as a distributed PV
application, which counts for half of new installed capacities.
However, as an expert in Chinese PV systems indicated, it is
difficult to achieve this goal (Wang 2014). One of the major
reasons is the lack of knowledge of solar PV systems and
good quantitative models to assist the consumer’s decisionmaking during PV module comparison.
This paper employed a Data Envelopment Analysis (DEA)
model to help homeowner customers make decisions in
selecting the most efficient PV panels. To analyze the overall
purchasing efficiency of solar panels, DEA is a useful
technique to analyze the complex nature of the relations when
multiple inputs and outputs are involved in the process. The
overall purchasing efficiency mentioned in our paper not
only includes the technical attributes but also the economical
attributes. It measures the ratio of the output performance
that solar panels can provide to the purchasing cost incurred
by consumers. This measurement implies the combination of
features that consumers can receive from the unit price they
pay. This research will also aid manufacturers in the goal to
improve their panels’ efficiency so that they can meet their
consumers’ need.
The contents of this paper are organized as follows. Section 3
analyzes the basic features and measurements of solar panels.
Section 4 introduces the fundamentals of the DEA model,
which is the methodology applied. With the data collected,
section 5 analyzes the data and provides the solutions. Section
6 concludes the paper with managerial insights and limitations
of this study
Literature Review
Most literature analyzed in a technological manner the efficiency
of solar panel modules. Pacca et al. (2006) analyzed modeling
parameters such as the level of solar radiation, the position
of the modules, and the modules’ manufacturing energy
intensity, which affects the performance of the photovoltaic
modules. Mehmet and Dincer (2010) gave a detailed overview
of the factors affecting the operation and efficiency of PV
systems. The main factors they highlighted were PV cell
technology, ambient conditions and selected equipment.
BRIDGEWATER STATE UNIVERSITY

According to Kaldellis, Kapsali, and Kavadias’ (2013) one-year
outdoor measurement experience, PV solar panel efficiency is
influenced by module temperature, climate conditions, wind
speed and other technical characteristics. As to our knowledge,
none of existing previous research includes economic factors
such as price, or takes physical factors such as weight in the
consideration. Differing from the previous study, this paper
focuses on the overall purchasing efficiency of solar panels
combined with technologic efficiency, as well all other factors
influencing purchasing decisions.
In order to deal with a multi-dimension comparison, this paper
used the DEA model. Charnes, Cooper and Rhode (1978) first
proposed the DEA model. DEA measures the efficiency of
the decision making units (DMU) with multiple performance
factors, which are defined as outputs and inputs. DMU is a
set of peer units in the DEA model, and they are the unit
under evaluation. The inputs and outputs are the multiple
performance measures used for benchmarking. The selection
of inputs and outputs are dependent on the data availability
and the number of DMUs. For example, in order to evaluate a
computer’s purchasing efficiency, we could consider different
features like screen size, memory size, and processing speed,
then classify those features into input or output in order to
apply a proper DEA analysis. Once the efficient DMUs are
determined, inefficient DMUs can improve their performance
to reach efficient by either increasing their current output levels
or decreasing their current input levels. The DEA model has
recently gained much popularity in the renewable-energy field.
It has been widely used in the study of efficiency evaluation
and comparison in energy sectors. For example, Shi, Bi and
Wang (2010) used the DEA model to determine the Chinese
industrial energy efficiency in 28 administrative regions in
China.
Dealing with undesirable output is another challenge in this
study. Seiford and Zhu (2001) used the classification invariance
property to show that the standard DEA model can be used to
improve performance by increasing the desirable outputs and
decreasing the undesirable outputs. Scheel (2000) used various
approaches for treating the undesirable outputs in order to
incorporate them into a production model where they must
be minimized. The transformation, called additive inverse, sets
the undesirable outputs as inputs by changing the sign of the
undesirable outputs.
But none of the above research indicates the application of the
DEA model in the selection process of the solar panels. This
research employs a DEA model to compare different solar
panels by considering all of the different criteria, including
technological factors, economic factors and physical factors.
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PV System Measurements and Input/Output Analysis
The solar modules (or panels) are the key component of a solar
photovoltaic system with a complex manufacturing process
of polysilicon purification, ingot molding, wafer slicing, cell
manufacturing and panel assembly. PV panel performance
is generally rated under the Standard Test Conditions (STC)
rating, or the Normal Operating Cell Temperature (NOCT)
rating. According to the STC rating standards, the panels are
subject to an irradiance of 1,000 W/m², spectrum of AM
1.5 and cell temperature at 25 °C. According to the NOCT
rating, the panels are subject to an irradiance of 800 W/m²,
cell temperature at 25 °C, a constant wind velocity of 1 meter
per second (2.27mph), and a 45° angle from the sun. The
STC rating accounts for optimal conditions and the NOCT
rating accounts for factors such as atmosphere and wind,
both of which play a large factor in calculating the output
of a solar cell. Although the STC rating is displayed on the
advertising documents for the panel, the utilities and installers
use the NOCT rating when it comes to sizing a PV system,
because NOCT is more accurate and complies with realistic
conditions. We also follow the major measurements under
the NOCT rating. The basic measurements of the solar panel
performance parameters include nominal maximum power
(Pmax), open circuit voltage (Voc) and short circuit current
(Isc), technological efficiency, temperature efficiency, weight
and price.
Pmax is the maximum output power, which is the product of
the optimum operating voltage and optimum operating current.
It’s the maximum power point (MPP) of the panel. When the
PV system is at its MPP, it operates with maximum efficiency
and produces its maximum output power. It is important to
be aware of these parameters in order to make the selection
process efficiently.
Voc is the maximum possible voltage across a photovoltaic cell
in sunlight when no current is flowing;
Isc is the current flow through an external circuit with no load
or resistance, which is the maximum current possible.
The module (technological) efficiency, also called a conversion
rate, often refers to the amount of electricity generated by one
unit of solar light. It is the ratio of the energy output of a solar
cell to the input energy in the form of sunlight. High efficiency
solar panels maximize the overall return on investment and
offer more long-term savings. These solar panels will generate
more electricity with fewer panels and require less rooftop
space, which leads to less installation time and fewer mounting
materials. Most solar panels efficiency is approximately 1317%. Scientists have developed solar panels that are 40%
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efficient in the lab, but there’s a vast difference between the lab
and the real world (Pure Energies 2014). Manufacturers haven’t
yet discovered how to utilize the results of these experiments
in order to produce more economically viable products.
Temperature coefficient is the change of technological
efficiency according to temperature change. Solar panel
temperature, which has great influence on the performance
of a PV system, is an important factor that affects how
much electricity the solar panel generates. The solar panel
temperature directly affects the maximum power output. As
solar panel temperature increases above 25°C, the panel begins
to lose efficiency. The power output of a PV module decreases
by approximately 0.35% per additional degree (over 25°C) of
cell temperature rise (i.e. -0.35%/°C). Since power is equal
to voltage times current, the higher temperature of the solar
panel, the less power it can produce. The power loss caused
by temperature is also dependent on the type of solar panel
being used. An effective improvement efficiency is to reduce
the operating temperature of its surface.
Weight is one of the major dimensions that influences
customers’ selection. Although China does not have strict
codes specifying the weight constraints as there is in the US
(Hermes 2013), consumers are sensitive to the potential safety
issue caused by the weight of the panels. Therefore, the lighter
PV panel is preferable to most Chinese users. The solar panel
is normally 13kg per square meter (Intelligentenergysolutions
2014).
All of the above six factors to measure the PV panel
performance serve as the outputs, which is what customers
receives from purchasing. The price is the input variable.
Price is what customer has to pay to buy a PV panel. It is the only
input variable for the consumer in this study. Consumers in the
PV industry are very sensitive to price. The large investment
in PV panels is one of the biggest concerns for customers,
despite a 12 to 19% drop in cost nationwide in 2013 reported
by the U.S. Energy Department's National Renewable Energy
Laboratory (NREL) and the Lawrence Berkeley National
Laboratory (LBNL) (PV magazine 2014, Sun and Spicer 2014).
Different panels produced by different manufacturers vary
among all these dimensions. The goal is not to find the
cheapest PV panel or the lightest one. This study aims to
help homeowner consumers find the most worthy one(s) to
purchase by comparing all of the above dimensions among
the same product category. With our method and solution, the
consumer can spend less money and still purchase the panel(s)
with the best performance.
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Methodology
With all of the above factors taken into consideration, Data
Envelopment Analysis (DEA) is an appropriate method
to estimated relative efficiency because it is a method that
considers multiple inputs and outputs. The DEA model is a
non-parametric mathematical programming approach used to
evaluate a set of comparable decision-making units (DMUs)
(Cook and Seiford 2009). In the DEA model, each DMU has
several input variables and output variables, but as an efficiency
estimation tool, the DEA model implicitly assumes nonnegativity of all inputs and outputs.

for each DMU to see whether they are efficient compared to
the other DMUs. Note that the weight of the solar panel is a
negative output, which means the lighter the better. The DEA
model usually prefers a larger output value because it would
increase the final efficiency; therefore, some specific treatment
of this negative output is required. There are multiple ways
of dealing with negative outputs. The method applied here is
called the additive inverse model, designed by Koopmans et al.
(1951). Using this method, the undesirable outputs U would
be included as an input variable and incorporated into the
traditional DEA model as the other input variables.

The input variables, which are the key parameters of solar
panel, transforms to the outputs. The comparison process
is complicated because all of the inputs and outputs have
multiple dimensions. This structure is same for all of the
different decision making units. Therefore, we can calculate
the new efficiency by using the weighted output divided by
the weighted input. The DEA model attempts to compare
the efficiency of different decision making units by using an
optimization model. It is trying to find the optimal weights
to maximize the efficiency for the target DMU while subject
to all other DMUs’ efficiencies that are not as optimal as the
target. Some DMU units achieve 100 percent efficiency and are
referred to as relatively efficient units. Other DMU units that
are less than 100 percent are referred to as inefficient units.
Therefore our DEA model used is:

In sum, DEA is an optimization method to indicate the
efficient DMUs. This paper applies this method to evaluate the
efficiency of thirty five solar panels, which are chosen from six
of the leading solar manufacturers in China. The key features
and parameters of solar panels have been defined and they
are considered as inputs and outputs of the DEA model. The
objective of this paper is to identify, characterize and discuss
the key parameters that affect the overall purchasing efficiency
of the solar panels.

Objective function: max E0 = u1O01 + u2O02 +...+uMO0M
u,v
Constraints: v1I01+v2I02+...vNI0M=1
u1Oη1+u2Oη2+...+uMοηM-(v1Iη1+v2Iη2...+vNIηN),=0
The objective function is trying to maximize the efficiency (E°)
for the target one o. The objective function above is a linear
function indicated by the weighted output (Oo) for the target
one o, if we can scale the weighted inputs (Io) for the unit
under evaluation to a sum of 1.0 in the first constraint. The
decision variables above are all the weights for either input
variables (denoted as u) or output variables (denoted as v). The
weight assigned to output i,with i= 1, 2… M computed in the
solution to the DEA model, and weight assigned to input j,
with j= 1, 2… N computed in the solution to the DEA model.
Where k is the unit during one time period. However, for
all other DMUs, their weighted ouput minus weighted input
cannot be larger than 0, which indicates that they are not as
efficient as the target one. The problem for the targeted one
is to get the best combinations of weights in order to make
the targeted DMU the best one. If by all means this objective
function still cannot reach one, then this targeted DMU fails to
be an efficient one. Therefore, we need to solve this problem
BRIDGEWATER STATE UNIVERSITY

Data and Analysis
This research collected all the input and output data from the
solar panels’ specification sheets published on the websites
of China’s six largest PV manufacturers (Canadiansolar 2014;
Jinkosolar 2014; ReneSola 2014; Yinglisolar 2014; Topointsolar
2014; Trinasolar 2014). The unit price of the solar panel is
considered as the input and has an average price of 292 dollars.
The unit price ranges from 200 dollars to 457.5 dollars. From
Table 1 in the Appendix, solar panel JKM310M has the highest
Nominal Maximum Power of 230 W, with the range between
167 W to 230 W. The average value of the Nominal Maximum
Power is 201.7 W. For the open circuit voltage the average
voltage is 38.6 V, and the short circuit voltage has an average
of 7.06 Amps, which indicates that all of the solar panels are
quite similar in this regard. The average module technological
efficiency is 15.28%, which is the industry standard. The price
varies by $72.54, but no significant variation was noticed
among the other outputs.
After applying the DEA model, we determined the efficiency
ratios; they are the final objective function values from the
optimization model for each solar panel. Eighteen of the 35
panels are not efficient because their efficiency ratios were less
than one. The other 17 panels’ efficiency ratios were equal to
one. The inefficient panels could be improved by referring to
the efficient panels’ shadow prices. Shadow price is generally
treated as the improvement in the objective function value
that results from one additional unit increase in the right side
of the constraint. They are the results from the problems,
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correspondingly listed in Table 2 in the Appendix. The
information is vital in order to improve the inefficient ones by
benchmarking the efficient ones.
The example in Table 3 demonstrates the improvement of the
inefficient solar panel CS6P 255M. According to the shadow
price from the sensitivity report, the combined weighted
average of two panels, CS6X300P by 30% and JCS285M by
68%, would provide the specifications to make the CS6P 255M
panel efficient (see Table 3). The company could then refer to
this information in order to improve the current module, or it
can produce a new module based on the data indicated above.
Conclusion and Limitations
Solar energy, which uses sunlight to generate electrical power,
is one of the most popular applications of a renewable energy
source. It’s green, clean, and safe, and a permanent energy
source which has become the center of worldwide attention.
In this paper, a detailed overview of the purchasing efficiency
was presented. By applying the DEA model to compare the
numerous solar modules, this research will provide homeowner
consumers with the basic knowledge of solar modules features
as well as selection tips. In narrowing the selection of the
variety of solar modules on the market in terms of purchasing
efficiency, the results will assist the purchaser in arriving at a
final purchasing decision. According to our research results,
seventeen out of thirty five solar panels are efficient with
respect to our selected input and output variables; homeowner
consumers may then make their selection of the best panel
among the most efficient ones according to their preferences.
For example, homeowner consumers can further finalize their
choices if they have a limited budget or a constraint on the
weight as indicated by their roof specifications. Additionally,
the improved purchasing efficiency discussed in this paper
would help the manufacturers to attract more homeowner
consumers and gain a larger market share if they can improve
some of their panels’ output performance or lower the price
by benchmarking the other efficient panels.
There are several interesting implications noticed in this
analysis. The results indicate that most Chinese PV modules
selected score highly in terms of purchasing efficiency.
Although each dimension of the panels is not exactly the same,
they do not significantly differ from each other. Based on the
theoretical model we designed in this paper and the advanced
applications of mobile phones that could implement our
model, the selection process could be made easier. However,
similar results also indicate that innovation is essential in order
for any business to stand out in a competitive market. From
the data, we can see that price competition and more successful
marketing campaigns would have to trend in this industry
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before there is a breakthrough of technological improvement
(such as the significant improvement of the conversion rate).
There are several limitations regarding our current research.
First, although the current research has included all of
the major quantitative factors influencing the purchasing
efficiency, customers may select a subset of these dimensions
according to their specific requirements, especially the physical
conditions for installation on site. Second, our current research
only included the most influential factors released by the
manufacturers, but it can be further extended to other factors.
Our research also did not include factors such as a life-time
warranty, because all the panels under consideration currently
have a twenty-five-year warranty at the current stage. However,
manufacturers can gain a competitive advantages by changing
these dimensions
Third, limited by the features of DEA models, this project
did not include some qualitative factors. These factors
include the waterproof feature of the panel, which is still a
challenging technical problem nowadays, the quality of aftersale services, which could influence the consumer’s motivation
for purchasing, and the capability of the panel to work with
other solar panel supporting systems (Waterproof Magazine
2009, Solar Industry Magazine 2013). Finally, this paper
is also limited in scope of comparison to the major solar
module manufacturers from China. Future study can extend
the comparison to a greater number of solar modules from
different companies in countries such as Germany, the world's
leader of photovoltaic capacity, or the United States, which
has a combined share of global cumulative installed solar
photovoltaic (PV) capacity, or about 35 percent of PV capacity
worldwide (Statista 2013). All the limitations mentioned here
will provide future research with some direction.
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Table 1: The Data
Input

Output

Solar Panel

Price
($/Unit)

Nominal
maximum
Power
(Pmax) (W)

Open
Circuit
Voltage
(Voc) (V)

Short
Circuit
Current
(Isc) (A)

ELPS CS6P
265MM

241

191

34.8

7.37

CS6P 255M

275.4

184

34.6

CS6P260M

263.38

188

CS6P 250P

245.50

181

CS6P 255P

237.15

Temperature
Coefficient
(Pmax)
(%/°C)

Weight
(lbs)

16.47

0.45

40.8

7.18

15.85

0.45

40.8

34.7

7.28

16.16

0.45

40.8

34.2

7.19

15.54

0.43

40.8

185

34.4

7.29

15.85

0.43

40.8

Module
Efficiency
(%)

CS6P 260P

249.60

189

34.5

7.39

16.16

0.43

40.8

CS6X 300P

287.10

218

41

7.19

15.63

0.43

48.5

CS6X 305P

324.44

221

41.2

7.27

15.90

0.43

48.5

CS6X 310P

304.73

225

41.3

7.36

16.16

0.43

48.5

JKM 240P

250

177

34.7

7.1

14.66

0.41

40.8

JKM 245P

258.02

181

34.7

7.1

14.97

0.41

40.8

JKM 250P

265.18

184

34.8

7.18

15.27

0.41

40.8

JKM 255P

273.75

189

34.9

7.28

15.58

0.41

40.8

JKM 260P

287.15

193

35.2

7.31

15.89

0.41

40.8

JKM 290M

299.62

214

42.8

6.87

14.95

0.4

58.4

JKM 295M

308

218

43.2

6.93

15.20

0.4

58.4

JKM 300M

316.53

222

43.7

6.98

15.46

0.4

58.4

JKM 305M

329.73

226

44.2

7.01

15.72

0.4

58.4

JKM 310M

343.73

230

44.6

7.05

15.98

0.4

58.4

JC285M

428

211

41.6

6.84

14.70

0.4

63.9

JC290M

435

215

41.7

6.91

14.90

0.4

63.9

JC295M

443

219

41.8

6.96

15.20

0.4

63.9*

JC300M

450

222

41.9

7.02

15.50

0.4

63.9

JTM 275P

206.25

202

32.3

6.24

14.20

0.466

49.6

JTM 280P

210

205

41.

6.8

14.40

0.466

49.6

JTM 285P

213.75

209

41.

6.93

14.70

0.466

49.6

YL 305P

457.50

220.9

42.7

7.19

15.60

0.45

59.1

YL 300P

291.30

217.3

42.7

7.1

15.40

0.45

59.1

YL 295P

320.37

214.2

41.4

6.99

15.10

0.45

59.1

YL 290P

269.41

210.6

41.3

6.98

14.90

0.45

59.1

YL 285P

256.50

207.7

41.1

6.89

14.60

0.45

59.1

TSM 230PC

200

167

33.9

6.95

14.10

0.43

41

TSM 235PC

210

171

34.

6.97

14.40

0.43

41

TSM 240PC

235

174

34.1

7.04

14.70

0.43

41

TSM 245PC

240

178

34.2

7.1

15.

0.43

41

Average

292.17

201.7

38.6

7.06

15.28

0.43

53.8

Standard
Deviation

72.54

18.69

4.02

0.22

0.01

0.02

9.08
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Table 2: Recommended Specifications for Efficiency
Solar Panel

Nominal Max
Power (Pmax)
(W)

Open Circuit
Voltage (Voc)
(V)

Short Circuit
Current (Isc)
(A)

Module
Efficiency
(%)

Price
($/Unit)

Temperature
CoEfficient
(Pmax)
-%/°C)

Weigth
(lbs)

CS6P 255M
CS6P 260M
CS6P 250P
CS6X 305P
JKM 245P
JKM 250P
JC285M
JC290M
JC295M
JC300M
YL305P
YL300P
YL295P
YL290P
YL285P
TSM235PC
TSM240PC
TSM245PC

210
190
183
224
182
185
216
217
219
222
225
217
210
211
208
171
178
179

40.9
34.7
34.2
41.2
34.7
34.8
41.6
41.7
42.1
42.7
42.7
42.7
39.7
41.3
41.1
34.0
34.1
34.2

6.85
7.30
7.19
7.34
7.10
7.18
6.84
6.91
6.96
7.02
7.19
7.10
7.02
6.98
6.89
6.97
7.04
7.10

14.78
16.16
15.56
16.12
14.97
15.27
15.40
15.54
15.66
15.81
16.08
15.42
15.33
15.07
14.74
14.40
14.95
15.11

256.50
255.12
242.38
303.99
257.22
264.78
323.01
324.27
327.06
331.58
328.18
279.24
310.74
269.13
247.88
209.1
231.10
236.18

0.40
0.43
0.42
0.43
0.41
0.41
0.39
0.39
0.39
0.40
0.41
0.43
0.41
0.43
0.43
0.43
0.42
0.42

58.4
40.5
40.3
48.4
40.7
40.7
53.7
53.6
54.2
55.1
53.9
55.3
55.6
52.6
52.3
40.8
40.3
40.3

BRIDGEWATER STATE UNIVERSITY

2015 • THE UNDERGRADUATE REVIEW • 155

